The complement fixation test (CFT) and indirect hemolysis test (IHLT) were applied to sera collected from 60 cattle challenged with Brucella abortus 544. Of the 60 cattle, 48 were vaccinated with either B. abortus 19 or B. abortus 45/20 as calves or as adults. The remaining 12 cattle were not vaccinated. Of the 27 sera from cattle found to be infected, 9 showed aberrant reactions to the CFT. The advantages of the IHLT for these cattle were as follows. After challenge, the titers to the IHLT became positive earlier than or at the same time as the titers to the CFT, they persisted longer than the titers to the CFT, and they failed to show prozone reactions, which are a problem with the CFT. An additional advantage was that before challenge and after vaccination with strain 19, the titers to the IHLT rose later and declined earlier than the titers to the CFT. We concluded that the CFT used in conjunction with the IHLT improves the detection of infected cattle.
Bacteriological evaluations have indicated that the complement fixation test (CFT) is the most accurate serological test for the detection of bovine brucellosis and thus is the definitive test in many countries where eradication schemes are in progress (10, 11) . Several limitations of the test, however, have been encountered. First, the CFT does not differentiate infected animals from animals recently vaccinated with Brucella abortus strain 19 (S19) or B. abortus strain 45/20 (S45/20) (5) . Second, the test often shows anticomplementary reactions and prozones, the latter being the result of immunoglobulin G2-type antibodies to B. abortus blocking immunoglobulin Gl and immunoglobulin M antibodies (9) . Third, CFT results are subject to great variations depending on minor differences in technique (1, 10) . Finally, the CFT fails to identify some animals which show aberrant serological reactions, and therefore, in an eradication program this may cause the reappearance of brucellosis in herds certified to be free of brucellosis (4; S. S. Sutherland, D. V. Le Cras, and A. G. Robertson, Aust. Vet. J., in press).
The recently developed indirect hemolysis test (IHLT) (12) was designed to overcome the blocking effect of immunoglobulin G2. The test uses erythrocytes which are sensitized with a lipopolysaccharide preparation extracted from S19 and which are lysed by a specific antibody in the presence of excess complement. This paper reports a comparative study of the CFT and IHLT for animals which were vaccinated with S19 or S45/20 and infected after challenge with B. abortus and which showed aberrant reactions in the CFT.
MATERIALS AND METHODS
Experimental cattle. Sixty 3-to 6-month-old female calves from a brucellosis-free herd were divided into three groups. One group (24 cattle) was vaccinated with the standard dose of S19 (batch no. 320-1, Commonwealth Serum Laboratories, Melbourne, Victoria, Australia), the second (24 cattle) was vaccinated with two doses of S45/20 (batch no. V059, Philips Duphar Pty Ltd., North Sydney, New South Wales, Australia), 6 27 were shown after challenge to be infected with S544. Of these 27, 18 gave by definition a normal reaction to the CFT, whereas the other 9 cattle showed aber- (Table 1) .
Of the 33 cattle in which no infection was found, 26 were pregnant. Of the 26, 2 died early in the trial, 22 had healthy calves (between 18 and 25 weeks after challenge), and the remaining 2 had stillborn calves (26 weeks after challenge). No infection was found in the tissues of these two stillborn calves or in the tissues or milk of the dams. Of the nine infected animals showing aberrant serological reactions, eight were pregnant, and six had healthy calves (between 20 and 22 weeks after challenge) ( Table 2 ). Of the remaining 18 infected cattle showing normal serological responses, 13 were pregnant. Of these, eight aborted (between 7 and 15 weeks after challenge), three had weakling calves (between 12 and 19 weeks after challenge), and one had a healthy calf (20 weeks after challenge).
The progressive titers to the CFT and IHLT for the nine cattle with aberrant reactions are shown in Fig. 1 .
In the four cattle vaccinated with S19 (animals 1, 2, 5, and 6), positive titers to the CFT were present 1 week after vaccination and were maintained at that level in one of the animals (animal 2) for 40 weeks. In two of these four cattle, positive titers to the IHLT were not seen after vaccination, and in the other two cattle, they were present for at most 26 weeks (Fig. 1) .
After challenge, the titers to the IHLT in seven of the cattle (animals 1, 3, and 5-9) became positive 1 to 6 weeks earlier than the titers to the CFT (Table 2 ). In the remaining two cattle, the titers to the two tests become positive simultaneously. Three of the nine cattle had positive titers to the CFT for only 1 to 3 weeks of the 40-week postchallenge period, and five of the nine animals had negative titers to the CFT at slaughter (Table 2) . It was 10 weeks after challenge of animal 6 before a positive titer to the IHLT first occurred, but it was a further 6 weeks (5 weeks before parturition) before a positive titer persisted. The titer to the IHLT then remained positive until slaughter 20 weeks later. Positive titers to the CFT were seen in this (7, 12) . In this study, consistent with other studies, the titers to the IHLT in animals vaccinated with S19 rose later after vaccination and declined earlier than the titers to the CFT (12, 14a) .
The cattle with normal reactions to the CFT showed positive responses to this test within a few weeks of challenge and maintained them until slaughter. In contrast, for the nine cattle with aberrant reactions to the CFT, several weeks or months elapsed after challenge before significant titers to this test were present. This meant that for most of the period after challenge, many of the cattle with aberrant serological reactions to the CFT would be regarded as uninfected in an eradication program based on the CFT alone. In most of these cattle, the titers to the IHLT rose earlier and lasted longer than the titers to the CFT. This suggests that the IHLT used in conjunction with the CFT could improve the detection of infected cattle. Using the IHLT as a supplementary test has the advantage of being readily incorporated into a laboratory system in which the CFT is used as a screen test, and as observed in this study and reported by others (13) , it gives positive reactions when sera in the CFT exhibit the prozone phenomenon.
